1 Introduction 1 Reversed-phase liquid chromatography (RPLC) is widely used to retain and separate 2 hydrophobic and moderate hydrophobic compounds; however, it often does not work in 3 the separation of polar compounds due to lack of retention. Normal phase liquid 4 chromatography is another choice in such case, but non-polar mobile phases are not a 5 good solvent for the polar compounds. For this case, hydrophilic interaction 6 chromatography (HILIC), where bare silica or polar groups (amine, amide, cyano, 7 diol)-bonded silica stationary phase and hydro-organic mobile phase are used, has 8 become a valuable alternative. 9 Mixed-mode chromatographic separation based on more than one retention 10 mechanism is a better concept than a single mode one. This concept is gathering 11 attention and several mixed-mode separation materials have been reported. Most 12 mixed-mode separation methods combine RP and anion-or cation-exchange, but the 13 materials for mixed-mode of RPLC and HILIC are limited although the combination 14 may expand the applicability most widely [1] [2] [3] [4] [5] [6] [7] Poly(L-lactic acid) (PLLA) is a linear aliphatic thermoplastic polyester that can be 22 produced from renewable resources (e.g. corn, wheat, or rice). PLLA has been 1 extensively explored for biodegradable drug delivery carriers and tissue engineering 2 scaffolds due to their superior biocompatibility and versatile processabilities [8] . 3 PLLA is relatively hydrophobic with a static water contact angle of approximately 80° 4 [9] . In addition, a number of carbonyl groups can contribute to hydrogen bond with 5 amino group and π-π interaction with aromatic ring. These characteristics were 6 expected to realize RPLC/HILIC mixed-mode chromatography. 7 In the present study, PLLA-modified silica (PLLA-silica, Fig. 1 ) stationary phase 8 was newly prepared by amide bond reaction between amino groups on aminopropyl 9 silica (APS) and carboxylic acid groups at the end of PLLA chain. PLLA-silica 10 column was characterized in RPLC and HILIC modes with the use of different mobile 11 phase composition. (average molecular weight: 5,000) and dioxane was from Nacalai Tesque (Kyoto, Japan). 20 Hypoxanthine was purchased from Merck KGaA (Darmstadt, Germany). 21 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMT-MM), 22 inosine, phenanthrene and pyridoxine were from Tokyo Chemical Industry (Tokyo, 1 Japan). Ethylbenzene and adenine were from Kishida Chemicals (Osaka, Japan). DMT-MM (0.83 g) were added to a suspension of APS (0.77 mmol/g, 2.6 g) in dioxane 7 (25 mL) and the mixture was shook at 40 °C for 24 h. After the reaction, PLLA-silica 8 was filtered and washed with dioxane, 0.1% hydrochloric acid and water. Elemental 9 analysis: C 3.47%; H 0.87%; N 1.23% for APS; C 7.19%, H 1.41%, N 1.53% for 10 PLLA-silica. The modification ratio (mmol/g) of PLLA on APS was 0.015 estimated 11 from the value of nitrogen and the average molecular weight by elemental analysis. 12 Infrared spectra indicated the presence of carbonyl group on PLLA-silica obtained by 13 the above reaction (1750 cm -1 , data not shown). CR-8A recorder (Kyoto, Japan). Flow rate was set at 1.0 mL/min with UV detection at 20 260 nm. All aqueous solutions were made with the water that was deionized and 21 distilled using WG 203 (Yamato Scientific, Tokyo, Japan) and then passed through a water purification system (Puric-Z, Organo, Tokyo, Japan). of the RPLC mode and the retention of hydrophobic compound was dominated by 10 hydrophobic interaction. It can also be found that the retention of test compounds 11 increased with their hydrophobicity. 12 Plots of log k against log P (octanol-water partition coefficient) values for 13 alkylbenzenes, benzene, naphthalene, anthracene and phenenthrene are drawn (Fig. 2) . 14 It was clearly found that PLLA-silica more highly recognized aromatic hydrocarbons, 15 compared with alkylbenzenes. A carbonyl group is polarized to be δ + (carbon) and δ -16 (oxygen), respectively, and these polarized atoms enable to work as an electrostatic 17 source for a π-π interaction [11]. It has been reported that a carbonyl π-benzene π 18 interaction is comparatively larger than a benzene π-benzene π interaction [11]. The 19 hydrophobic interaction was less than we expected; however, considering that a number 20 of carbonyl groups are included into the PLLA backbone, PLLA-silica may be useful 21 for high recognition to aromatic hydrocarbons. 
Comparison between PLLA and APS 13
In order to illustrate the impact of PLLA modification to APS, the retention factors 14 and the elution orders of test compounds on APS-packed column, which was prepared 15 as the aforementioned procedure, were studied in both RPLC and HILIC modes. In 16 RPLC mode, hydrophobic compounds (benzene, naphthalene and alkylbenzenes) were 17 hardly retained on APS column even though mobile phase with high water content 18 (80%) was used. In HILIC mode, nucleic acids and nucleosides (thymine, uracil, 19 cytosine, thymidine, uridine, adenosine) were tested on APS column. The elution 20 orders of thymine, uracil, cytosine, thymidine and adenosine were same as PLLA-silica. 21 Cytosine was most retained on PLLA-silica, while uridine was most retained on APS 22 silica. This tendency was consistent with surfactin-modified APS column which were 1 very recently reported and works in mixed-mode of HILIC/RPLC [12]. The RPLC/HILIC mixed-mode retention behaviors were investigated with a set of 5 moderate polar and polar compounds. As shown in Fig. 4 , PLLA-silica stationary 6 phase showed a "U-curve" retention profile [1, 4] , which is an indicator of 7 RPLC/HILIC mixed-mode retention behavior. The retention time of test compounds 8 decreased with an increase in ACN content at low and middle contents, according to the 9 RPLC mode. Then, the retention times increased with increasing ACN content from 10 80% to 95%, indicating that the retention was governed by hydrophilic interaction 11 between the stationary phase and compounds. The ACN content is about 50% for the 12 weakest retention and that is the boundary between the two different retention modes. 13 This feature potentially provides a greater flexibility in real sample analyses, compared 14 to a single use of conventional RPLC or HILIC columns. 15 1,3,7-Trimethylxanthine (caffeine), 1,7-dimethylxanthine and hypoxanthine are all 16 purine derivatives with different numbers of methyl groups. Despite their methylated 17 sites, they still retain a certain degree of polarity. This makes them suitable for a 18 HILIC separation although their separation is commonly performed by RPLC [3, 13] . 19 The separation in RPLC mode (1% ACN) caused these analytes to elute due to 20 hydrophobicity; thus, caffeine showed the strongest retention (Fig. 5a ). On the other 21 hand, the stationary phase could reverse the elution order, and a good separation was 1 column can be used for both RPLC and HILIC separation modes only by changing the 2 mobile phase composition. Li, Y., Xu, Z., Feng, Y., Liu, X., Chen, T., Zhang, H., Chromatographia 2011, 74, 2 523-530. 3 [2] Liu, X., Pohl, C., J. Chromatogr. A 2008 , 1191 [3] Wu, J.Y., Bicker, W., Lindner W., J. Sep. Sci. 2008 , 31, 1492 -1503 [4] Guo, Z., Jin, Y., Liang, T., Liu, Y., Xu, Q., Liang, X., Lei, A., J. Chromatogr. A 2009 , 6 1216 [5] Ma, Q., Chen, M., Yin, H.R., Shi, Z.G., Feng, Y.Q., J. Chromatogr. A 2008 , 1212 61-67. 9 [6] Greco, G., Grosse, S, Letzel, T., J. Sep. Sci. 2013 , 36, 1379 -1388 [7] Liang, X., Wang, X., Ren, H., Jiang, S., Wang, L., Liu, S., J. Sep. Sci. 2014, 37, 11 1371-1379. 12 [8] Y. S. Nam, Y.S., Park, T.G., Biomaterials 1999 Biomaterials , 20, 1783 Biomaterials -1790 [9] R.M. Rasal, R.M., A.V. Janorkar, A.V., Hirt, D.E., Prog. Polym. Sci. 2010, 35, 14 338-356. 15 [10] Guan-Sajonza, H., Guiochon, G., J. Chromatogr. A 1996, 743, 247-259. 16 [11] Shundo, A., Sakurai, T., Takafuji, M., Nagaoka, S., Ihara, H., J. Chromatogr. A 17 2005, 1073, 169-174. 18 [12] Ohyama, K., Inoue, Y., Kishikawa, N., Kuroda, N., J. Chromatogr. A 2014 , 1371 257-260. 20 [13] de Aragão, N.M., Veloso, M.C.C., Bispo, M.S., Ferreira, S.L.C., de Andrade, J.B., 21 Talanta 2005, 67, 1007-1013. 
Figure captions

